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Method for receiving radio frequency signal and a receiver device - 
Menetelma radiotaajuisen signaalin vastaanottamiseksi ja vastaanotinlaite - 
Metod for mottagning av radiofrekvens signal och mottagningsapparat 

5 

The invention relates in general to polarization properties of antennas. In particular 
the invention relates to adjusting the polarization properties of an antenna based on 
the polarization properties of a received signal. 

10 

Electro-magnetic radiation has certain polarization properties. When receiving 
signals carried by radio frequency (RF) electro-magnetic radiation, generally the 
polarization properties of the antenna are matched to those of the incoming signal. If 
electro-magnetic radiation experiences a reflection, its polarization properties 

15 typically change. Therefore there may be need to adjust dynamically the polarization 
properties of an antenna depending on the path of the radiation from the transmitting 
antenna to the receiving antenna. Otherwise it is, in the worst case, possible that the 
polarization properties of an antenna are orthogonal to those of the electro-magnetic 
radiation that is received using the antenna. In this case the antenna cannot detect 

20 the electro-magnetic radiation. 

The Global Positioning System (GPS) is used here as an example of a system, where 
there is need for adjusting the polarization properties of the receiving antenna. GPS 
is a positioning system, where a receiver device can compute its position using 

25 signals it receives from GPS satellites. The GPS system has two services: Standard 
Positioning Service (SPS) is available for all users and Precise Positioning Service 
(PPS) is available, for example, for certain military users. Each GPS satellite sends 
the two positioning signals which are spread spectrum signals. A Coarse Acquisition 
(C/A) code and a Precise (P) code are modulated to carrier frequencies of 1575.42 

30 MHz and 1227.6 MHz using binary phase shift keying. The C/A code, for example, 
is a pseudorandom binary code consisting of 1023 chips and it is repeating itself 
every millisecond. The chip rate of the C/A code is thus 1 .023 MHz. The C/A and P 
codes are GPS satellite specific. The satellites send also navigation information at 
the data rate of 50 bps. 

35 

The GPS transmitters in satellites transmit the digital positioning information using 
right-handed circularly polarized (RHCP) radiation. When receiving GPS signals, 
the GPS receiver is usually outdoors and has a direct line of sight (LOS) connection 
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with the GPS satellite. In a LOS connection the received signal (or at least a certain 
part of the received signal) is not reflected, and the receiver antenna may have the 
same polarization characteristics as the transmitted radiation. 

5 Figure 1 presents by the way of example a schematic drawing of the antenna 101 
and receiver 110 of a GPS receiver device 100. The antenna 101 is typically a 
RHCP antenna. An output from the antenna 101 is connected via a preamplifier to 
the RF part 111 of the receiver 110. In the RF part 111 the received broadband 
signal is usually first filtered using a band-pass filter, and the result is a RF signal. 

10 The RF part further has a local oscillator (LO) and the RF signal is typically mixed 
with the sinusoid produced by the LO to produce an intermediate frequency (IF) 
signal. This IF signal, which typically comprises an I (In phase) component and a Q 
(Quadrature phase) component, is delivered an analog-to-digital (A/D) converter 
112, where the signal is sampled. The sampled signal is processed in a Correlator 

15 113, where a local copy of a C/A code is correlated with the C/A code using which 
the navigation data has been spread. In this correlation process the correct C/A code 
and its phase is found. This information about the C/A code presented in Figure 1 
with arrow 121. It is also possible that a correlator can be placed before the A/D 
converter 112. The correlated digital signal is output to a Digital Signal Processing 

20 (DSP) unit 114. This DSP 114 is responsible, for example, for determining which 
radio symbols are sent. There is a mapping between the symbols and the data bits, so 
the output from the DSP is the navigation bit stream (arrow 122). The GPS position 
block 115 of the GPS receiver 100 takes at least the C/A code information (arrow 
121) and the navigation bit stream (arrow 122) as input. Typically position 

25 determining needs information about the phase of at least three C/A. There can be, 
for example, three correlators 113, and each is correlating one C/A code with the IF 
signal, or one correlator 113, which correlates various C/A codes to the signal 
alternately. 

30 If a GPS receiver is used indoors, typically for example near a door or a window, the 
received radiation carrying positioning information may be reflected. Reflected 
right-handed circularly polarized radiation is left-handed circularly polarized radia- 
tion. An antenna in a GPS receiver, which is optimal for receiving right-handed cir- 
cularly polarized radiation, may not detect a left-handed circularly polarized radia- 

35 tion at all, or at least the intensity of the detected signal may be orders of magnitude 
less than that of the actual signal. Therefore a GPS receiver that is to be used in- 
doors is preferably able to receive efficiently also LHCP radiation. In certain cases, 




where some of the received GPS signals are reflected and others are not, a GPS re- 
ceiver should be able to receive at a time LHCP and RHCP signals. 

It is generally known that electro-magnetic radiation having any polarization proper- 
5 ties can be decomposed into two linear components with certain relative phase and 
having certain relative amplitudes. Using, for example, two linearly polarized and 
orthogonal antennas it is possible to receive electro-magnetic radiation having any 
polarization properties. The problem may, however, be the dynamical changes in the 
received radiation. When a user carrying a GPS receiver moves, the path of the GPS 
10 signal from the satellite transmitter to the GPS receiver may change and, conse- 
quently, the polarization properties of the received GPS signal may change. 

Schemes for adjusting the properties of an antenna according to the properties of the 
received signal have been proposed. One alternative is to modify the physical prop- 

15 erties of the antenna, but this may require quite complex mechanical arrangements 
and most probably the modifications cannot be made at a high rate. A second alter- 
native is to use two antennas having different polarization properties and to combine 
the signals received using these two antennas. Patent application EP 416 264, for 
example, discusses a system which uses two orthogonal linearly polarized antennas 

20 and which is implemented using analog components. The two received signal com- 
ponents have different phases and amplitudes, and a calibration circuit detects the 
phase and amplitude differences of the received signal components. The phase and 
amplitude differences are used to adjust variable phase shifters in a combining cir- 
cuit where 90° hybrid couplers are used to combine the signal components. The 

25 calibration circuit continuously compares to signal components, and the signal com- 
ponents are passed through delay lines to the combining circuit. The delay allows 
the variable phase shifters to be adjusted before the signal components enter the 
combining circuit. 

30 A similar system could be used in a GPS receiver, but this would require two line- 
arly polarized antennas in the GPS receiver and a calibration circuit and a combin- 
ing circuit should be built in the RF part (corresponding to the RF part 1 1 1 in Figure 
1) related to each antenna. Additional components increase the cost and manufactur- 
ing complexity of a device. Furthermore, if the GPS receiver is intended to be inte- 

35 grated within a cellular phone, the number of components should be kept as low as 
possible because of power consumption and space requirements. A further problem 
is that with the system presented in EP 416 264, a GPS receiver, which is designed 



to work indoors, should have more than two antennas: a pair of orthogonal antennas 
is needed for each GPS signal that is to be received at a time. 

Polarization diversity is a known method to increase the quality of a received signal. 
5 Figure 2 presents an example of a polarization diversity receiver 200, which has two 
antennas 101a and 101b having different polarization properties are used to receive 
a signal. Each antenna is connected to its own RF block, and the RF blocks 111a, 
111b are, in turn, connected to A/D converters 1 12a, 1 12b. The digitized signals S l 
corresponding to the signal component received with the first antenna 101a and S 2 

10 corresponding to the signal component received with the second antenna 101b are 
complex- valued signals, and they are processed further in the DSP block 201. When 
polarization diversity is employed, either one of the received signals is used in the 
reception or both received signals are properly combined and used in the reception. 
A GPS device employing polarization diversity would typically have two antennas 

15 having orthogonal circular polarization properties, so it would have two antennas 
101 and two receivers 110. In outdoor environment it would typically employ only 
the RHCP antenna and the receiver corresponding to the RHCP antenna. 

An object of the invention is to present an antenna-receiver system adaptable to 
20 various changes in the properties of the received signal. A further object is to pre- 
sent an antenna-receiver system where the adaptation to changes is arranged using 
few extra components. A further object is to present an antenna-receiver system 
where the polarization properties are adjustable. A further object is to present an an- 
tenna-receiver system using which it is possible to receive many spread spectrum 
25 signals at a time and so that each signal is received in an optimal manner in the 
sense of polarization. 

Objects of the invention are achieved by receiving alternately the signal with at least 
two antennas having different properties, processing the interleaving signals corre- 
30 sponding to the antennas with a single arrangement, and by constructing from the 
received signal components a combined signal corresponding to detected or esti- 
mated properties of the received signal. 

A method according to the invention is a method for receiving radio frequency sig- 
35 nal, which method comprises the steps of: 

- receiving a first received signal component of the radio signal using a first antenna 
having first properties and receiving a second received signal component of the ra- 



dio signal using a second antenna having second properties, which are different 
from the first properties, 

- processing a received signal component to produce a sampled signal component 
having an In-phase and a Quadrature-phase component, 

5 - producing at least one combined signal, which is a linear combination of at least 
two sampled signal components, and 

- selecting at least one set of complex values for coefficients of the linear combina- 
tion so that a quality of a combined signal corresponding to each set of coefficient 
values is at a certain time at least equal to a quality of the one of the sampled signal 

10 components having the best quality, and is characterized in that it further comprises 
the step of: 

- alternately connecting the antennas via a switching element to radio frequency 
means so that the received signal components are interleaving each other with re- 
spect to time and so that a first part of a certain piece of transmitted information is 

15 received with the first antenna and a second part of said piece of transmitted infor- 
mation is received with the second antenna. 

The invention relates also to a receiver device, which comprises 

- at least a first antenna having certain first properties, which is arranged to receive a 
20 first signal component, and a second antenna having certain second properties, 

which second properties are different from the first properties and which second an- 
tenna is arranged to receive a second signal component, 

- processing means arranged to process a signal component received with an an- 
tenna to a sampled signal component having an In-phase and a Quadrature-phase 

25 component, 

- combination means arranged to linearly combine sampled signal components to at 
least one combined signal, and 

- selection means arranged to select at least one set of complex values for the coeffi- 
cients of the linear combination so that a quality of a combined signal corresponding 

30 to each set of coefficient values is at a certain time at least equal to a quality of the 
one of the first or second sampled signal components having the better quality, said 
receiver device being characterized in that it further comprises 

- switching means, whose first input is coupled to the first antenna and second input 
is coupled to the second antenna and whose output is coupled to the processing 

35 means and which is arranged to alternately couple the antennas to the processing 
means so that the received signal components are interleaving each other with re- 
spect to time and so that a first part of a certain piece of transmitted information is 
received with the first antenna and a second part of said piece of transmitted infor- 
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mation is received with the second antenna, and in that the processing means are ad- 
justed to process interleaving signal components. 

In a method according to the invention, a radio signal is received using at least two 
5 antennas, whose properties are different. A first signal component is received with 
the first antenna, and a second signal component with the second antenna. The sig- 
nal components are processed and sampled, using for example methods generally 
known in the art, into a first and second sampled signal components having an In- 
phase and a Quadrature-phase component. A method according to the invention is 

10 characterized in that the first antenna and the second antenna are alternately, in other 
words in turns, connected to processing means responsible for further processing of 
the received signals. The first and second signal components are thus interleaved 
with each other in time. Typically the antennas are alternated so that the duration of 
connection to the first antenna is substantially the same as the duration of the con- 

15 nection to the second antenna. 

The interleaving signal components are sampled to produce digitized signals, which 
are here called sampled signal components. These sampled signal components are 
complex-valued, since they also have an In-phase and a Quadrature-phase compo- 

20 nent. Using the sampled signal components, whereof a first sampled signal compo- 
nent corresponds to the properties of the first antenna and a second sampled signal 
component corresponds to the properties of the second antenna, it is possible to con- 
struct a combined signal matching better the properties of the received signal. For 
example, by choosing a suitable linear combination of the first and second interme- 

25 diate sampled signals, it is possible to produce a signal corresponding to any desired 
polarization properties. The combined signal can be easily produced, for example, 
using digital signal processing. One or both of the sampled signals are multiplied 
with a suitable complex factor to produce a correct phase shift and correct ampli- 
tude, and thereafter the sampled signal components are summed. The coefficients of 

30 the linear combination are typically complex valued. Of course, some values of the 
coefficients may be real. Term coefficient in this description refers to the coeffi- 
cients of the linear combination producing the combined signal. 

Because the adaptation to properties of the received signal occurs by modifying 
35 digitized signals, adaptation to changes in, for example, the polarization or angular 
properties is quite easily carried out: only the complex coefficients of the linear 
combination of the signals need to be changed. It is possible to adapt fast to changes 
in the received signal; this is one of the advantages of the invention. The values for 
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the coefficients are selected so that they produce a better quality for the combined 
signal than is the quality of either of the received signals. Suitable values for the co- 
efficients can be found, for example, by maximizing the signal-to-noise ratio of the 
combined signal. The effect of multipath propagation may alternatively be mini- 
5 mized, or coefficient values can be chosen so that they take into account both the 
signal-to-noise ratio and the multipath propagation. When the polarization changes 
in a received signal are related to reflections of the signal, there usually is a limited 
number of candidates for the coefficient values, and the selection of a proper set of 
values is quite easy. 

10 

Similarly as for polarization or spatial diversity, in a method according to the inven- 
tion it is typically possible to select coefficient values that produce better quality for 
the combined signal than the quality of an individual signal received with an an- 
tenna having certain polarization characteristics. If the first antenna, for example, 

15 has polarization properties that optimally match the polarization of the received sig- 
nal and if the second antenna has orthogonal polarization properties, then the quality 
of the combined signal is (at least theoretically) the same as that of the signal re- 
ceived with the first antenna. It is possible to modify the angular properties of the 
antenna combination, in other words the receiving antenna radiation pattern of the 

20 antenna combination. 

In a method according to the invention, when compared to a conventional non- 
diversity reception of radio signal, the difference is that there is only an extra an- 
tenna and some extra functionality in the part responsible for processing the sam- 

25 pled signals. The extra functionality can be implemented with digital signal process- 
ing, so it is quite easy to provide it. The radio frequency part of the receiver can be 
similar as in a conventional receiver having one antenna. The analog-to-digital con- 
version, for example, does not need to know that it is processing two interleaving 
signals corresponding to two antennas instead of a continuous signal received with a 

30 certain antenna. A method/receiver according to the invention thus provides an effi- 
cient and cost-effective way to adapt to, for example, changes in the polarization of 
the received signal with nearly as simple equipment as a receiver having certain po- 
larization properties and no adaptation capability. A receiver according to the inven- 
tion is also more cost-effective than a diversity receiver, because two parallel ar- 

35 rangements processing parallel continuous signals are needed in a diversity receiver 
instead of one arrangement processing two interleaving signals. The reduction in the 
number of components in a receiver according to the invention compared to that in a 
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diversity receiver may result in remarkable savings, when large numbers of receiv- 
ers are manufactured. 

In addition, a method or receiver according to the invention is suitable for receiving 
5 simultaneously many spread-spectrum radio signals having different polarization 
properties. For example, when code division is used as a spreading technique, the 
spread-spectrum signals are typically at a certain frequency band and an antenna 
suitable for receiving signals at that frequency band is used. The received signal 
may in this case comprise various spread-spectrum signals corresponding to various 

10 spreading codes. Each of these signals may have different polarization properties or 
it is possible that, for example, two spread-spectrum signals corresponding to two 
different spreading codes have same polarization properties. A combined signal re- 
lating to such a set of coefficient values, which produced good signal quality, may 
correspond to more than one spread-spectrum signals. It is also possible that each of 

15 the received spread-spectrum signals has specific polarization properties, and in this 
case each combined signal corresponds to one spread-spectrum signal. The correla- 
tion with the local copies of the spreading codes may be carried out at various stages 
after the receipt of the radio signal: the correlation may be carried out using sampled 
signal components or using combined signal components. 

20 

A method or a receiver according to the invention may also be used to receive si- 
multaneously more than one narrow-spectrum radio signals. The polarization prop- 
erties of an antenna may vary depending on the frequency, so for narrow-spectrum 
radio signals it may be a bit more challenging to find suitable values for the coeffi- 
25 cients of the linear combination. On the other hand, a method according to the in- 
vention does not require the polarization properties of the antennas to be, for exam- 
ple, orthogonal, although this may assist in finding suitable values for the coeffi- 
cients. 

30 The novel features which are considered as characteristic of the invention are set 
forth in particular in the appended Claims. The invention itself, however, both as to 
its construction and its method of operation, together with additional objects and 
advantages thereof, will be best understood from the following description of spe- 
cific embodiments when read in connection with the accompanying drawings. 

35 

Figure 1 illustrates schematically a GPS receiver device according to prior art, 



Figure 2 illustrates schematically a polarization diversity receiver according to 
prior art, 

Figure 3 illustrates a flowchart of a method for receiving radio signal according to 
5 a first preferred embodiment of the invention, 

Figure 4 illustrates a flowchart of a method for receiving radio signal according to 
a second preferred embodiment of the invention, 

10 Figure 5 illustrates schematically the switching of the antennas in methods accord- 
ing to the invention, 

Figure 6 illustrates schematically a receiver according to a first preferred embodi- 
ment of the invention, 

15 

Figure 7 illustrates schematically a receiver according to a second preferred em- 
bodiment of the invention, 

Figure 8 illustrates schematically various antenna configurations applicable in re- 
20 ceivers according to the invention, 

Figure 9 illustrates schematically a GPS receiver according to a third preferred 
embodiment of the invention, 

25 Figure 10 illustrates a dual polarized patch antenna and a dual sense patch antenna 
applicable in receivers according to the invention, and 

Figure 1 1 illustrates mobile stations according to further preferred embodiments of 
the invention. 

30 

Figures 1-2 are discussed in detail in the description of radio receivers according 
to prior art. 

Figure 3 illustrates a flowchart of a method 300 for receiving radio signal according 
35 to a first preferred embodiment of the invention. In step 301 radio frequency radia- 
tion is received using a first antenna. In step 302 the antenna using which radiation 
is received is switched to a second antenna, which has different properties than the 
first antenna. The polarization properties of the antennas or the location of the an- 




10 

tennas, for example, may be different. In step 303 radio frequency radiation is re- 
ceived using the second antenna, and in step 304 the antennas are again switched. In 
a method according to the first preferred embodiment of the invention, the steps 
301-304 can be carried out all the time. A first received signal component S\ 9 which 
5 corresponds to the first antenna, and a second received signal component which 
corresponds to the second antenna, are interleaved in time: the first signal compo- 
nent is present, when the first antenna is used in reception, and the second signal 
component is present, when the second antenna is used in reception. The antennas 
may be connected via a switching element to a single RF block, and at the input 

10 there is alternately the first signal component S\ and the second signal component S 2 . 
The time during which each antenna is used in receiving RF signal depends on the 
applications. If, for example, narrow-band radio signal is received, best performance 
can be obtained by receiving each symbol with both antennas. This is illustrated in 
Figure 5a, where a sequence of symbols 510 is represented as a function of time. 

15 The horizontal axis is Figure 5a represents time, and the duration of a symbol Symbol 
is marked with an arrow in Figure 5a. The vertical axis in Figure 5a represents sym- 
bol values. A symbol represents a certain number of data bits; the number of data 
bits depends on the modulation technique. The switching from a first antenna to a 
second antenna is marked with solid arrows 501 and the switching from the second 

20 antenna to the first antenna is marked with dashed arrows 502. The times at which 
switching occurs in Figure 5a are examples: the switching may occur, for example, 
more often, it may occur at irregular intervals, and switching does not have to occur 
when a symbol changes. The signal received with an antenna between two consecu- 
tive switching times is sampled typically several times, but usually at least once. 

25 

In step 305 the interleaved signal components S\ and S 2 are processed further. Typi- 
cally an In-phase and a Quadrature-phase component is formed for each received 
signal and thereafter the signals are sampled. The resulting sampled signals S l and 
5 2 are complex valued, the real part usually corresponds to the In-phase component 

30 and the imaginary part to the Quadrature-phase component. In step 306 a suitable set 
of coefficient values for the linear combination is selected. Here the set of coeffi- 
cients is marked as (a l9 a 2 ). The values for the coefficients are selected to enhance 
the quality of a combined signal iS c , which is a linear combination of the first and 
second sampled signal components: S c = + a 2 S 2 . As an indication of the quality 

35 of the signal, for example a signal-to-noise ratio may be used. It is also possible to 
minimize the effect of multipath propagation or, for example, to find a suitable bal- 
ance between the signal-to-noise ratio and minimizing the multipath effects. The co- 
efficients of the linear combination can be used to adapt to changes in polarization 




of the received radio signal or to adapt to changes in the angular properties of the 
beam of the received radio signal. Typically methods, which are used to select the 
coefficient values in diversity receivers, can be used in a method according to the 
invention for selecting the coefficients values. In step 306 the combined signal cor- 
5 responding to the selected coefficient values is produced. 

Figure 4 illustrates a flowchart of a method 400 for receiving radio signal according 
to a second preferred embodiment of the invention. In a method according to the 
second preferred embodiment of the invention, one or more direct sequence spread- 

10 spectrum signals are received. Steps 301-305 in method 400 are similar to those pre- 
sent in method 300. When direct sequence is used to spread narrow-band informa- 
tion, the received signals are at some point correlated with local copies of spreading 
codes CI, C2, C3, etc. In method 400 this is done after the signal components are 
sampled. In method 400 it is assumed that two spread-spectrum signals, correspond- 

15 ing to spreading codes CI and C2, are received. Correlation of the spreading codes 
with the sampled signal components results in the following correlated sampled sig- 
nal components: S 1C1 , S lC2 , S 2Cl and S 2C2 . Since two spread-spectrum signals are 
received, it is most probable that a set of values for the coefficients has to be se- 
lected independently for each spread-spectrum signal. This is done in step 402, 

20 where a first set of coefficient values and a second set of coefficient values are cho- 
sen: (o lcl ,a 2Cl ) and {o XC2 ,a 2C2 ) . In step 403 two combined signals, one for corre- 
sponding to each received spread-spectrum signal, is produced: 

^C.Cl ~ Q \,C\S\,C\ ^~ a 2,C\^2,C\ anC * Sc.C2 = a \,C2^hC2 + Q 2,C2^2,C2 ' 

25 It is alternatively possible to perform the correlation of the local copies of the 
spreading codes with a combined signal S c . In this case the correlation step 401 is 
performed only after the combined signal is produced, and the flowchart of this kind 
of method is similar to that of method 300, step 401 is just added after step 307. 
This method works best when the spread-spectrum signals have similar polarization 

30 and/or angular properties. A third option is to perform the correlation of the local 
copies of the spreading codes already when processing the received signals in step 
305. In this case the correlation can be performed using analog signal components, 
in other words before sampling the received signal components. 

35 When a spread-spectrum signal is received, it is possible to switch the antennas, for 
example, twice during each chip or, if the spreading code sequence is repeated at 
least partly during a data bit, twice during each data bit. A certain chip - data bit 
combination is thus received with at least two antennas, and the chip - data bit com- 
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bination can be resolved using the signal components. Figure 5b illustrates sche- 
matically the switching of antennas so that each chip 520 is received with two an- 
tennas. The vertical axis represents the value of a chip - data bit combination, but 
otherwise Figure 5b is similar to Figure 5a. The duration of a chip t chip and the dura- 
5 tion of a data bit t blt are presented in Figure 5b with arrows. The ratio of the chip and 
data bit durations in Figures 5b and 5c is just an example, and the switching times 
presented with arrows in Figure 5b are also examples. A receiver, where antennas 
are switched very frequently, for example for each chip, may need to have some 
equipment in duplicate. 

10 

Figure 5c illustrates schematically a signal where a sequence of chips is repeated 
twice during each data bit. The duration of a chip sequence / seq uence is marked in Fig- 
ure 5c with an arrow. In this case it is possible to switch the antennas for example, 
at least twice during a data bit. In Figure 5c, a first copy of the chip sequence 530a, 

15 combined with a certain data bit, is received with the first antenna and a second 
copy of the chip sequence 530b, combined with the same data bit, is received with 
the second antenna. A method according to the invention may be applicable also a 
chip sequence is repeated only partly during a data bit. The switching times illus- 
trated in Figure 5c are again examples; there are many other possible ways to switch 

20 the antennas according to the invention. Typically when the antennas are switched 
for chip sequences, there is no need for duplicate equipment in the RF block of a re- 
ceiver. 

In GPS, for example, the C/A is a pseudorandom binary code consisting of 1023 
25 chips and it is repeating itself every millisecond. The chip rate of the C/A code is 
thus 1.023 Mchip/s. The navigation information rate is 50 b/s, so during each navi- 
gation data bit the C/A code sequence is repeated 200 times. The duration of a C/A 
code sequence is called an Epoch. When GPS signal is received using a method ac- 
cording to the invention, it is thus possible, for example, to receive the signal with 
30 each antenna for a certain integer multiple of Epochs or to switch the antennas, for 
example, for every Epoch or for every other Epoch. In GPS typically at least three 
navigation signals are received simultaneously. For each satellite, the duration of the 
C/A code sequence is the same, and it is possible to receive many navigation signals 
simultaneously and find an optimal set of coefficient values for each navigation sig- 
35 nal separately, for example. The different C/A codes relating to different GPS satel- 
lites may have certain phase difference with each other, but a method according to 
the invention can be applied successfully: for some of the navigation signals, the an- 
tennas may be switched in the beginning of a C/A code sequence and for other navi- 
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gation signals the switch occurs at another point of the C/A code sequence. In any 
case, for each navigation signal a whole Epoch may be received with each antenna. 
It is, of course, possible to receive in a similar manner also other spread-spectrum 
signals having a spreading code repeated during a data bit than GPS navigation sig- 
5 nals. 

Figure 6 illustrates schematically a receiver 600 according to a first preferred em- 
bodiment of the invention. The receiver 600 has two antennas 101a and 101b, which 
have different properties. The polarization properties of the antennas or the location 

10 of the antennas, for example, may be different. The antennas 101a and 101b are both 
connected to inputs of a switching element 601. There may be a preamplifier for 
each antenna before the switch, but these preamplifiers are not shown in Figure 6. 
The switching element is arranged to alternately connect either one of the antennas 
to a radio frequency (RF) block 602. The RF block 602 processes the received sig- 

15 nal components S\ andiS^, and outputs signal components having an In-phase (I) and 
a Quadrature-phase (Q) components. The signals from the outputs of the RF block 
602 are lead to inputs of an analog- to-digital (A/D) converter 603, and sampled sig- 
nal components S x and S 2 are further lead to digital processing means 604 for fur- 
ther processing. The selection of the coefficient values for the linear combination is 

20 typically carried out in the processing means 604, and the combined signal S c is 
also produced there. 

The lower part of Figure 6 presents schematically the signal components at the vari- 
ous parts of the receiver 600. Between the antennas 101a, 101b and the A/D con- 

25 verter 603, the signal components are typically analog signals (presented in Figure 6 
with a solid line) and they occur alternately in time. After the A/D converter 603 the 
signals are sampled, and they are digital. This is presented in Figure 6 with dashed 
line. In the A/D converted 603 and between the A/D converter and processing 
means 604 the sampled signals occur alternately in time. After the processing means 

30 there is at least one digital combined signal. 

The RF block 602 and A/D converter 603 are capable of processing to interleaving 
signals. Simple modifications should be sufficient to convert an RF block or an A/D 
converter inputting a single continuous signal to a RF block 602 or an A/D con- 
35 verter 603 capable of processing two interleaving signals. The main modification in 
a receiver 600 according to the invention, when compared to a conventional receiver 
having one antenna, is the switching element 601 and some additional features in 
digital processing means 604. 
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Figure 7 illustrates schematically a receiver 700 according to a second preferred 
embodiment of the invention. The receiver 700 comprises correlation means 701. It 
is typically located between the A/D converter 603 and the digital processing means 
5 604. 

Figure 8 illustrates schematically various antenna configurations applicable in re- 
ceivers according to the invention. The antenna - receiver configuration 800a com- 
prises a switch 601 and two separate linearly polarized antennas: antenna 801a is 
10 horizontally polarized and antenna 801b is vertically polarized. It is possible to 
choose the values for the coefficients of the linear combination so that any polariza- 
tion properties can be simulated for the antenna configuration 800a. For example, 
circular polarization or elliptical polarization can be simulated. 

15 The antenna - receiver configuration 800b comprises a switch 601 and two separate 
circularly polarized antennas: antenna 802a is a right hand circularly polarized an- 
tenna and antenna 802b is a left hand circularly polarized antenna. Again, it is pos- 
sible to choose the values for the coefficients of the linear combination so that any 
polarization properties can be simulated for the antenna configuration 800b. The an- 

20 tenna - receiver configuration 800b is most suitable for receiving circularly polar- 
ized radiation: depending on the number of reflections, for example, the signal is ei- 
ther a LHCP signal or a RHCP signal. 

The antenna - receiver configuration 800c comprises two linearly polarized anten- 
25 nas: antenna 801a is horizontally polarized and antenna 801b is vertically polarized. 
The antennas in this antenna - receiver configuration are connected to a switch 810, 
which has two outputs. One of the outputs is directly connected to a RF block 812, 
and the other output is connected to the RF block 812 via a 90° phase shifter 811. 
Switch 810 is such that both antennas are coupled to the RF block simultaneously: 
30 the polarization properties of the received radiation are either LHCP or RHCP. 
Again, it is possible to choose the values for the coefficients of the linear combina- 
tion so that any polarization properties can be simulated for the antenna configura- 
tion 800b. The antenna - receiver configuration 800c is also most suitable for re- 
ceiving circularly polarized radiation. 



35 



If it is detected that the received radiation has polarization properties, which match 
the properties of one of the antennas, it is possible to stop switching the antennas 
and receive the signal using only the suitable antenna. The properties of the received 




signal can be detected, for example, from the set of values selected for the coeffi- 
cients. This can be schematically represented, for example, in Figure 3 as a feedback 
from step 306 to steps 302 and 304 or in Figure 6 as a feedback from digital proc- 
essing means 604 to the switch 601. The position of the switch 601 may be selected 
5 according to the instructions received from the digital processing means 604. 

Figure 9 illustrates schematically a GPS receiver 900 according to a third preferred 
embodiment of the invention. A GPS receiver 900 preferably has two circularly po- 
larized antennas 802a and 802b, because GPS navigation signals are circularly po- 

10 larized. When the path of navigation signal from a GPS satellite to the GPS receiver 
900 is line-of-sight (LOS), the navigation signal is RHCP and the antenna having 
RHCP properties can be used. In other words, the switch 602 is kept in a constant 
position. Typically at least three navigation signals are received simultaneously. If at 
least one of them is reflected, it is advisable to use both antennas 802a and 802b. 

15 For the LOS navigation signals (or navigation signals reflected an even number of 
times) it is possible to use only the signal received with the RHCP antenna, and for 
the odd number of times reflected navigation signals it is possible to use the signal 
received with the LHCP antenna. This corresponds to a situation, where one of the 
signal components is omitted in the linear combination. It is also possible to com- 

20 bine the signals, if a better quality for the combined signal is obtained. 

The received signal components are sampled in the A/D converter 603, and the 
sampled signals are correlated with C/A codes in correlation block 701. Information 
about the timing of the C/A codes and phase of the C/A codes is delivered (arrow 

25 121) to GPS calculation block 115. The signal components are processed in the DSP 
block 604 to form a good quality combined signal. The navigation information is de- 
termined from the combined signal, and it is delivered (arrow 122) to the GPS cal- 
culation block 115. The GPS calculation block 115 is responsible for determining, 
for example, the location of the GPS receiver using the navigation information and 

30 the information about the C/A codes. 

Figure 10 illustrates a dual sense patch antenna 1000 and a dual polarized patch an- 
tenna 1010 applicable in receivers according to the invention. A patch antenna com- 
prises a conducting plate 1001, which is roughly square in form and which is super- 
35 posed over a conducting second plate 1004. Between the plates there typically is 
some insulating material 1005, which may also act as a support for the plate 1001. 
There may be one or more than one feed points in a patch antenna. The position of a 
feed point determines the polarization properties of the antenna. The dual sense 




patch antenna 1000 has two feed points: the feed point 1002 is a RHCP feed point 
and the feed point 1003 is a LHCP feed point. The vertical sides (as presented in 
Figure 10) of the plate 1001 are in a dual sense patch antenna typically 2% longer 
than the horizontal sides. The dual sense patch antenna 1000 is an example imple- 
5 mentation of the antennas 802a and 802b in the antenna - receiver configuration 
800b. 

The dual polarized patch antenna 1010 has also two feed points: one corresponds to 
vertical polarization and the other to horizontal polarization. In a dual polarized 
10 patch antenna 1010 the sides of the plate 1001 are usually equal. The dual polarized 
patch antenna 1010 is an example implementation of the antennas 801a and 801b in 
the antenna - receiver configurations 800a and 800c. A dual sense patch antenna or 
a dual polarized patch antenna is small and can be mounted to small devices. 

15 A second example of an antenna type that is small and can be used in small devices 
is a Planar Inverted-F Antenna (PIFA), which has linear polarization properties. The 
mechanical structure of PIFA resembles that of a patch antenna, but the plate 1001 
is galvanically connected to the plate 1004 in one of its corners. There is one feed 
point, and the direction of the linear polarization is determined by the direction of 

20 the plates 1001 and 1004. Typically the plate 1001 is rectangular but not square in a 
PIFA. 

Figure 11 illustrates mobile stations 1101a, 1101b and 1101c according to further 
preferred embodiments of the invention. All these mobile stations comprise an inte- 

25 grated GPS receiver similar to that presented in Figure 9. In the mobile station 
1 101a, the antenna system related to the GPS receiver is a dual sense patch antenna 
1000 or a dual polarized patch antenna 1010. A patch antenna 1000 or 1010 can be 
located, for example, below the earpiece of a mobile station. In the mobile station 
1101b, the main antenna 1102 and a spatial diversity antenna 1103 relating to the 

30 radio transmission with a cellular network are also presented. The mobile station 
1101c comprises for the reception of GPS signal two linearly polarized antennas 
801a and 801b, which are by the way of example orthogonally located in the mobile 
station. The linearly polarized antennas 801a and 801b may be, for example, two 
PIFAs. 

35 

Although in the above description the use of two antennas is explained, it is possible 
to use more than two antennas in a method/receiver according to the invention. The 
combined signal is in this case a linear combination of signal components received 
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with more than two antennas. The use of more antennas may be advantageous, for 
example, when the antennas are switched in order to adjust the angular properties of 
the antenna. 
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CLAIMS 

1 . A method (300) for receiving radio frequency signal, which method comprises the 
steps of: 

5 - receiving (301) a first received signal component of the radio signal using a first 
antenna having first properties and receiving (303) a second received signal compo- 
nent of the radio signal using a second antenna having second properties, which are 
different from the first properties, 

- processing (305) a received signal component to produce a sampled signal compo- 
10 nent having an In-phase and a Quadrature-phase component, 

- producing (307) at least one combined signal, which is a linear combination of at 
least two sampled signal components, and 

- selecting (306) at least one set of complex values for coefficients of the linear 
combination so that a quality of a combined signal corresponding to each set of co- 

15 efficient values is at a certain time at least equal to a quality of the one of the sam- 
pled signal components having the best quality, characterized in that it further 
comprises the step of: 

- alternately connecting (302, 304) the antennas via a switching element to radio 
frequency means so that the received signal components are interleaving each other 

20 with respect to time and so that a first part of a certain piece of transmitted informa- 
tion is received with the first antenna and a second part of said piece of transmitted 
information is received with the second antenna. 



2. A method according to claim 1, characterized in that the set(s) of coefficient 
25 values is/are selected using the signal-to-noise ratio as a measure of the quality of a 

signal. 

3. A method according to claim 1, characterized in that the set(s) of coefficient 
values is/are selected by minimizing the effect of multipath propagation. 

30 

4. A method according to claim 1, characterized in that the polarization properties 
of the combined signal are adjusted. 

5. A method according to claim 1, characterized in that the angular properties of 
35 the combined signal are adjusted. 



6. A method according to claim 1, characterized in that the spatial properties of the 
first antenna and the second antenna are different. 
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7. A method according to claim 1, characterized in that the radio signal is a narrow 
spectrum signal comprising a sequence of symbols (510) and said piece of transmit- 
ted information is a symbol. 

5 8. A method (400) according to claim 1, characterized in that a spread spectrum 
signal, corresponding to at least one sequence of data bits spread with a spreading 
code, is received and in that it further comprises the step of correlating (401) the re- 
ceived signal components at a certain phase after the receipt of signal components 
with at least one local spreading code. 

10 

9. A method according to claim 8, characterized in that the received signal compo- 
nents are correlated with the local spreading code(s) before they are sampled. 

10. A method according to claim 8, characterized in that the sampled signal com- 
15 ponents are correlated with the local spreading code(s). 

1 1. A method according to claim 8, characterized in that the combined signal(s) are 
correlated with the local spreading code(s). 

20 12. A method according to claim 8, characterized in that the spreading code con- 
sists of a certain repeated sequence of chips (530), which sequence lasts a certain 
time period shorter than half a duration of a data bit, and said piece of transmitted 
information comprises a first sequence of chips, which is combined with a certain 
data bit, and at least part of a second sequence of chips, which is combined with the 

25 same data bit, where the first sequence of chips (530a) combined with the data bit is 
received with the first antenna and at least part of the second sequence of chips 
(530b) combined with the data bit is received with the second antenna. 

13. A method according to claim 12, characterized in that the received signal com- 
30 prises Global Positioning System signals, the local spreading codes are Coarse Ac- 
quisition codes and the duration of a repeated sequence of chips is an Epoch. 

14. A method according to claim 8, characterized in that said piece of transmitted 
information is a chip (520), which is received using at least two antennas. 

35 

15. A receiver device (700, 800), which comprises 

- at least a first antenna (101a, 801a, 802a) having certain first properties, which is 
arranged to receive a first signal component, and a second antenna (101b, 801b, 
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802b) having certain second properties, which second properties are different from 
the first properties and which second antenna is arranged to receive a second signal 
component, 

- processing means (602) arranged to process a signal component received with an 
5 antenna to a sampled signal component having an In-phase and a Quadrature-phase 

component, 

- combination means (604) arranged to linearly combine sampled signal components 
to at least one combined signal, and 

- selection means (604) arranged to select at least one set of complex values for the 
10 coefficients of the linear combination so that a quality of a combined signal corre- 
sponding to each set of coefficient values is at a certain time at least equal to a qual- 
ity of the one of the first or second sampled signal components having the better 
quality, characterized in that it further comprises 

- switching means (601, 810), whose first input is coupled to the first antenna and 
15 second input is coupled to the second antenna and whose output is coupled to the 

processing means and which is arranged to alternately couple the antennas to the 
processing means so that the received signal components are interleaving each other 
with respect to time and so that a first part of a certain piece of transmitted informa- 
tion is received with the first antenna and a second part of said piece of transmitted 
20 information is received with the second antenna, and in that the processing means 
are adjusted to process interleaving signal components. 

16. A receiver device according to claim 15, characterized in that it further com- 
prises second selection means (604), which are arranged to select based on the qual- 

25 ity of the received signal components a constant switch position for the switching 
means for a certain period of time. 

17. A receiver device according to claim 15, characterized in that the polarization 
properties of the first antenna (801a, 802a) and the second antenna (801b, 802b) are 

30 different. 

18. A receiver device according to claim 17, characterized in that the first antenna 
(802a) is right hand circularly polarized antenna and the second antenna (802b) is a 
left hand circularly polarized antenna. 

35 



19. A receiver device according to claim 18, characterized in that the first antenna 
and the second antenna are arranged as a single dual sense antenna (1000) having a 
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first feed (1002) for right hand circularly polarized operation and a second feed 
(1003) for left hand polarized operation. 

20. A receiver device according to claim 19, characterized in that the dual sense 
5 antenna is a dual sense patch antenna. 

21. A receiver device according to claim 17, characterized in that the first antenna 
(801a) is a first linearly polarized antenna and the second antenna (801b) is a second 
linearly polarized antenna. 

10 

22. A receiver according to claim 21, characterized in that the first antenna and the 
second antenna are arranged as a single dual polarized antenna (1010) having a first 
feed (1002) for the first linearly polarized operation and a second feed (1002) for the 
second linearly polarized operation, which is different from the first linearly polar- 

15 ized operation. 

23. A receiver device according to claim 21, characterized in that the dual polar- 
ized antenna is a dual polarized patch antenna. 

20 24. A receiver device according to claim 21, characterized in that the first antenna 
is a first planar inverted F antenna and the second antenna is a second planar in- 
verted F antenna, whose direction is different from the direction of the first antenna. 

25. A receiver device according to claim 21, characterized in that the first linearly 
25 polarized antenna is arranged to have polarization properties which are substantially 

orthogonal to the polarization properties of the second linearly polarized antenna. 

26. A receiver device according to claim 15, characterized in that the angular prop- 
erties of the first antenna and the second antenna are different. 

30 

27. A receiver device according to claim 15, characterized in that the spatial prop- 
erties of the first antenna and the second antenna are different. 

28. A receiver device (700, 900) according to claim 14, characterized in that it fur- 
35 ther comprises correlation means (701) arranged to correlate with the received sig- 
nal at least one local spreading code. 
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29. A receiver device (900) according to claim 28, characterized in that it is 
Global Positioning System receiver device. 

30. A receiver device according to claim 14, characterized in that it is a mobile sta 
tion arranged to receive Global Positioning System signals using the first and sec 
ond antennas. 



(57) Abstract 



A method (300) for receiving radio signal comprises the 
steps of: receiving (301, 303) first and a second received 
signal components using first and second antennas having 
different properties; processing (305) a received signal 
component to produce a sampled signal component; pro- 
ducing (307) at least one combined signal, which is a linear 
combination of at least two sampled signal components; 
and selecting (306) at least one set of complex values for 
coefficients of the linear combination so that a quality of a 
combined signal is at least equal to the quality of that sam- 
pled signal components having the best quality. Further- 
more, the antennas are alternately connected (302, 304) via 
a switching element to radio frequency means so that the 
received signal components are interleaving and so that first 
and second parts of a certain piece of transmitted informa- 
tion are received with the first and second antennas, re- 
spectively. A corresponding receiver device is also pre- 
sented. 



Fig. 6 



L.5~ 



1/7 



100 




FIG. 1 Prior art 



200 



y 

101a 

V 



M- 

101b 



111a 



112b 



RF 




A/D 
















RF 




A/D 











111b 



201 



DSP 



112b 



FIG. 2 Prior art 



s 1 



V 



601 



2/7 



602 



603 



600 



604 







RF 


I 


A/D 


I 


DSP 










Q 


Q 



— s r 



S 1 
S„ 



s„ 



} 



FIG. 6 



301 



\^ Receive RF radiation with a 
first antenna 



302 



Switch antenna 



303 



\/{ Receive RF radiation with a 
second antenna 



304 



Switch antenna 



300 



305 



Process and sample 
\/\ interleaving first and second 
signal components S 1 and S 2 



306 



Select a set of values for 
coefficients (a,, a 2 ) 



307 



Produce combined signal S c 
as linear combination 



FIG. 3 



L5 

# 



3/7 



301 



302 



303 



304 



Receive RF radiation with a 
^ first antenna 




r 


Switch antenna 1 




f 


Receive RF radiation with a 
^ second antenna 




t 


^ Switch < 


antenna | 



400 



305 



Process and sample 
interleaving first and second 
signal components S 1 and S 2 



401 



Correlate spreading codes 
C1 and C2 with the sampled 
'signal components resulting 

' n ^1,C1' ^1,C2' ^2,C1 ^2,C2 



402 



Select a first set and a 
second set of values for 
^coefficients: (a 1 C1 , a 2C1 ) and 
(a 1 C2 , a 2 C2 ) 



403 



Produce combined signals as 
linear combinations 
a 



\ q _ a q 

^CCI ~ ^I.Clgl.CI 
^C,C1 = a i,C1^1 ™ + a 



*1,C1 W 1,C1 



2,ci; 
2,cr 



[2,C1 
'2.C1 



FIG. 4 



4/7 



510 



tttt tttttt ffffffff tftt 

* 501 502 

symbol 



FIG. 5a 



520 




< — ► 

^chip 



'bit 



FIG. 5b 



530a 530b 

/ V N 



t 



'chip 



'sequence 



-X X ><~ 



FIG. 5c 



5/7 




FIG. 7 



802a 



802b 



601 



602 



603 



701 



604 







RF 




A/D 




CORR 




DSP 













900 



122 

115 
121 X I 

/y j gps 

calc. 



FIG. 9 





FIG. 8 



15 



7/7 



1001 1004 



1002 1003 









1000 
1010 



1005 ^ 01 

v r 

\77??j//////MV/777\ 



1004 




1002 1003 



FIG. 10 



1000/1010 



1101a 




1101c 




1000/1010 



801b 1101b 




1102 



ooo 
ooo 
ooo 



hSSSSSSSSN 



1103 



FIG. 11 



